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HYDROLOGY 



Sacramento- 

San Joaquin  
Delta 



Number of Days Over 100ºF 

Increases in very high temperatures will have  

wide-ranging effects. 

Recent Past, 1961-1979 

Higher Emissions Scenario, 2080-2099 

Lower Emissions Scenario, 2080-2099 

From “Global Climate Change Impacts in the United States,  US 
Global Change Research Program, June 2009” 



Projected 

Change in 

Precipitation 
by 2080-90s 

Water resources will be affected by changing 

precipitation patterns and increasing temperatures. 

From “Global Climate 
Change Impacts in the US, 

US global Change Research 
Program, June 2009” 
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2006 Report 

4 Scenarios (2 GCM x2 GHG) 

2009 Report 

12 Scenarios (6 GCM x2 GHG) 
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12 Total Scenarios = 6 GCM x 2 GHG Emissions Scenarios 
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Sea Level Rise 



Sea Level at Golden Gate 
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How much will sea level rise? 

What is the likelihood that sea levels  

will rise by a certain amount? 

How can we represent sea level rise effects 

on Delta salinity in computer models? 
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Historical extrapolation 

Air Temperature  

Based Projections 

Historical 

Extrapolation 

Air Temp 

Based 

Uncertainty 

Range 

Mid-century 

End of century 

0.5 ft 

1.0 ft 

0.8-1.0 ft      0.5-1.3 ft 

1.8-3.1 ft      1.4-3.9 ft 
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2050 20% chance 1ft SLR 2090 10% chance SLR 2.75-2.80ft 
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Sacramento- 

San Joaquin  

Delta 

Models of SWP and CVP Operations 

Need a Way to Quickly Represent  

Delta Water Quality Standard Compliance 

Sea Level Rise Artificial Neural Networks 

A Delta salinity ANN is a computer 

program that quickly estimates Delta  
salinity based on inflows and exports  

An ANN can be used in management  

tools such as CalSim and CalLite to 

estimate sea level rise impacts 



17 ANN=Artificial Neural Network 

1. Use DSM2 to simulate Delta Salinity 

for SLR scenarios 

2. Using DSM2 results, “train” SLR ANN 

to replicate Delta salinity based 

Sea Level Rise ANN 

Sacramento 

Stockton 

San  

Francisco 

Sacramento 

 River 

San  

Joaquin 

 River 

DSM2 Domain 

•Increase water level at Martinez 

•Increase salinity at Martinez based on  

 DRMS study by Ed Gross 
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Finding a suitable successor 

is crucial for human adaptation 
to changing climate. 

Stationarity is Dead 
Milly et al, SCIENCE, 2006 



Climate Projections for California 

Some Uncertainty 

Lots of Uncertainty Based on IPCC Scenarios 

From Dettinger, 2005 

Air Temperature 

Precipitation 

Temperature is increasing 

Precipitation patterns uncertain 



Feather River Basin: 

California’s State Water 

Project Origin 
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A 4°C increase in air temperature shifts 50% inflow from mid-March to mid-Feb 
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Water supply impacts 

Water year types may need to be modified 
Year types affect water quality standards 
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SWP-CVP Impacts 
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SWP= State Water Project    CVP=Central Valley Project 



Image courtesy of USBR 



Image from USBR  

GIS Group 
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Mid-Century 

End of Century 
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Probability that Exports Exceeds a Certain Volume (%) 

Median 
95% 

Confidence 

Range 

Mid-

Century 

Higher 

GHGE (A2) 
-10% -3 to -18% 

Lower 

GHGE (B1) 
-7% 0 to -16% 

Median 
95% 

Confidence 

Range 

End of 

Century 

Higher 

GHGE (A2) 
-25% -17 to -33% 

Lower 

GHGE (B1) 
-21% -15 to -27% 
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Mid-Century 

End of Century 
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Probability that Storage Exceeds a Certain Volume (%) 

Median 
95% 

Confidence 

Range 

Mid-

Century 

Higher 

GHGE (A2) 
-19% -6 to -31% 

Lower 

GHGE (B1) 
-15% -3 to -26% 

Median 
95% 

Confidence 

Range 

End of 

Century 

Higher 

GHGE (A2) 
-38% -24 to -51% 

Lower 

GHGE (B1) 
-33% -21 to -45% 
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Mid-Century 

End of Century 
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Probability that GW Pumping Exceeds a Certain Volume (%) 

G
ro

u
n
d
w

a
te

r 
P

u
m

p
in

g
, 
T
A

F
 

Median 
95% 

Confidence 

Range 

Mid-

Century 

Higher 

GHGE (A2) 
+9% +2 to +15% 

Lower 

GHGE (B1) 
+5% -2 to +11% 

Median 
95% 

Confidence 

Range 

End of 

Century 

Higher 

GHGE (A2) 
+17% +7 to +24% 

Lower 

GHGE (B1) 
+13% +7 to +18% 
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Mid-Century End of Century 

Higher 

GHGE 

(A2) 

Lower 

GHGE 

(B1) 

Higher 

GHGE 

(A2) 

Lower 

GHGE 

(B1) 

CVP Gen. -11% -4% -13% -12% 

CVP Use -14% -9% -28% -24% 

SWP Gen. -12% -5% -16% -15% 

SWP Use -10% -5% -16% -16% 
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X2 Position 

Historical X2 Range 

Future Climate X2 Range 
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At mid-century 1 in 6 years is vulnerable for A2 

                        1 in 8 years is vulnerable for B1 

By the end of the century 1 in 3 years is vulnerable for A2 

                                         1 in 4years is vulnerable for B1 
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At mid-century 750 TAF is needed in vulnerable years for A2 
                        575 TAF is needed in vulnerable years for B1 

By the end of the century 750 TAF is needed in vulnerable years for A2 
                                         850 TAF is needed in vulnerable years for B1 
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